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The structural organization and bacteriological profile 
of follicular casts and early comedones in prepuberal 
children were investigated. Follicular casts were present 
in all samples but were not as abundant as usually seen 
in older individuals with acne. When examined with the 
light microscope, all casts and comedones were com-
posed of numerous layers of horny cells and sebum, but 
were devoid of bacteria. Neither follicular casts nor 
comedones yielded bacteria when cultured. Electron mi-
croscopy of the follicular casts revealed the presence of 
small round, discrete lipid droplets, and alternating 
dense and less dense lamellar configurations within the 
horny cells. Some horny cells closest to the sebum-filled 
lumen contained large lipid masses, resulting in "bal-
loon-shaped" regions. 
Prepuberal follicular horny cells contained all of the 
abnormalities usually seen in follicular casts and biopsy 
material from acne patients, which suggests that these 
casts are potential comedones. The'se aberrations oc-
curred in the complete absence of bacteria indicating 
that bacteria are not essential to the formation of casts 
or comedones. Furthermore, our findings indicate that 
bacteria play little if any role in the initial events of 
pathological keratinization. 
Abnormal keratinization, resulting in the impaction of seba-
ceous follicles with lamellae of adherent follicular horny cells 
ultimately leads to the formation of a comedo [1,2]. One unan-
swered question about the abnormal keratinization of acne is 
whether comedo formation is a primary event or whether it is 
a reaction to other agents such as resident bacteria. Kligman 
[3J has proposed that Propionibacterium acnes may be impor-
tant in inducing abnormal keratinization. Significantly, in the 
study of Knutson [2J the earliest findings of abnormal follicular 
keratinization were associated with abundant amount of P. 
acnes. In a quantitative microbiological survey of 150 individual 
open and closed comedones from young adolescents, Marples, 
McGinley, and Mills [4J recovered P. acnes from 100% of 
lesions. 
These studies suggest a potential role for P. acnes in the 
initiation of abnormal keratinization. To date this hypothesis is 
untested. A major obstacle to the study of early pathological 
changes has been the lack of a noninvasive method of sampling 
individual sebaceous follicles. 
Recently, we h ave employed cyanoacrylate glue to obtain 
samples of individual sebaceous follicles; these al'e then ame-
nable to ultrastructw'al and microbiological analysis [5]. This 
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technique removes a thin sheet composed of the outer 2 or 3 
cell layers of the epidermal stratum corneum to which are 
attached portions of the acro- and infrainfundibulum. Individ-
ual follicular samples consist of vellus hairs in a matrix of sebum 
and bacteria. Holmes, Williams, and Cunliffe [6] have demon-
strated that the frequency and size of these follicular samples 
correlates with the extent and severity of acne-a finding which 
we have cOD'oborated (unpublished observations) . They called 
these structures "coated hairs." Other investigators have used 
the term sebaceous fIlaments to describe the contents of the 
follicular canal [7,8]. 
We have characterized the morphological features of follic-
ular casts from individuals with acne vulgaris [5]. The overall 
ultrastructural architecture of the horny cells comprising the 
follicular cast is similar to that of acne comedones. We con-
fu'med the work of Knutson [2J and Wolff, Plewig, and Braun-
Falco [9] that casts have tightly packed horny cells filled with 
copious lipid resulting in some "balloon-shaped" horny cells. 
Not previously described was a highly structured system of 
lamellae probably composed of poiaT lipids. Since follicular 
casts are not clinically visible, they may be thought of as "pre" 
or potential comedones. 
The object of the present research was to evaluate the role of 
P. acnes in the initial stage of comedo formation. We studued 
follicular casts and early comedones in prepuberal children in 
regard to the density of P. acnes and anatomic organization. 
MATERIALS AND METHODS 
Subjects and Follicular Sampling 
Fifteen prepuberal children, 9 males and 6 females ranging in age 
from 5 to 10 who had no visible lesions of acne vulgaris were sampled 
by the cyanoacrylate method [10]. Two areas of the forehead and both 
cheeks were sampled. One w'op of methylcyanoacrylate was placed on 
a glass slide which W<lS then pressed against the skin for 90 seconds and 
then gently peeled away. This method has been employed by Marks 
and Daw\)er [10] for examination of the stratum corneum and shown 
to be suitable for microbiological sampling of individual pilosebaceous 
units [11). Both sUl'face aerobic organisms and intrafoUicular anaerobic 
bacteria can be removed from the skin by this method [11]. In addition, 
we have recently shown that sebaceous foUicies obtained by this 
method can be successfully prepared for ultrastructural analysis [5). 
Five chilw'en, aged 9 to 11 (3 males, 2 females), with eru-ly acne 
vulgaris consisting of open and closed comedones on the nose (in all 5), 
and also on the chin (in 3 of the 5), were sampled by extracting 
comedones by a Schamberg extractor. 
Cyanoacrylate samples were examined under a dissecting ligh t mi-
croscope and individual foUiculru' casts were removed. Folliculru' casts 
were counted and the ru'ea of cyanoacrylate sampling calculated. Each 
subject was sampled at 4 sites and the number of casts per sq cm for 
each site calculated. Results were expressed as the mean count per sq 
cm for the 4 samples. 
Bacteriological Methods 
Prior to fixation for light and electron microscopic analysis, at least 
5 follicular casts were removed from each subject for bacteriological 
analysis. In 10 of the 15 chilw'en, cultures also were obtained from the 
forehead and cheek by the detergent scrub technique of Willi'amson 
and Kligman [12). The skin was prepru'ed by wiping the surface for 30 
seconds with a piece of gauze saturated with 0.1% Triton-X-lOO to 
remove surface debris, desquamating epithelial cells, and sw'face bac-
teria. The area was protected with a plastic weighing boat with several 
perforations to allow evaporation of sweat. Cultures were obtained 
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after 3 hr by placing a sterile glass cylinder with an internal area of 3.8 
sq cm over the area to be sampled, adding 1 ml of 0.1 % Triton-X-l00 in 
0.075% phosphate buffer (pH 7.9), scrubbing with a blunted Teflon 
spatula for 1 min and then withdrawing the sample fluid. This procedure 
is repeated and the 2 samples are pooled. Subsequently, lO-fold dilu-
tions were made in 0.05% buffered Triton-X-l00 and samples were 
drop-pla ted on Brain Heart Infusion Agar with 0.1% Tween 80 and 
incubated anaerobically for 7 days in a Gas Pak jar system. In the 
children with clinical acne, at least 5 comedones were removed by a 
Schamberg extractor and cultured. Individual follicular casts and 
comedones were homogenized in buffered 0.05% Triton-X-l00. Ten-
fold dilutions were made in 0.05% buffered Triton-X-l00 and processed 
as described above. 
Light and Electron Microscopy 
After representative casts were removed for microbiological analysis, 
the glass slides with remaining casts were immersed in Karnovsky's 
fixative [13] for 2 hr at room temperature. The slides were then washed 
in several changes of 0.1 M cacodylate-HCI buffer and stored in the cold 
(4 °C) overnight. Samples were then postfixed in 1% osmium tetroxide 
buffered at pH 7.4 with veronal acetate buffer [14] at 4°C for 1 hr. 
Dehydration was accomplished by passing the samples through a 
graded series of cold (4°C) ethanol baths. The samples were then 
placed in propylene oxide for 2 changes of 10 min duration. When the 
cyanoacrylate came in contact with the propylene oxide it dissolved, 
yielding free floating follicular casts and small sheets of stratum cor-
neum. The casts were then pipetted into small vials with fresh propyl-
ene oxide. Inffitration of the follicular casts was accomplished in a 1:1 
mixture of propylene oxide: Epon 812 for at least 2 hr. Follicular cast 
were then placed into pure Epon 812 [15] at room temperature over-
night. Individual follicular casts were embedded in flat molds filled with 
fresh Epon 812 and then cured at 60°C for 2 days. These casts could be 
oriented to yield either cross or longitudinal sections with little diffi-
culty. 
One-micron thick sections, and thin (400° A) sections were cut on 
glass and diamond knives, respectively, on a Porter Blum MT-2B ultra 
microtome. Thick sections were stained with toluidine blue and viewed 
by light microscopy. Thin sections were stained with uranyl acetate 
and lead citrate [16]. Thin sections were examined in a Philips 300 and 
Hitachi 12 B electron microscope. 
RESULTS 
Follicular casts were present in all samples but were not as 
abundant as in older individuals with acne. The mean density 
for prepuberal children was 3-5 casts/cm2 compared to 18/cm2 
for an average acne patient. The prepuberal casts were also 
lIl,uch smaller. 
Light Microscopy 
Prepuberal casts showed numerous layers of thin horny cells 
surrounding a central core of sebum. At times a vellus hair was 
present. No bacteria were observed in any of the casts (Fig 1). 
When sebum was abundant the central horny cells appeared 
vacuolated and distended. Otherwise, the casts consisted en-
tirely of thin, flattened ' horny cells, with occasionally lipid 
droplets within. 
Clinically evident comedones consisted of many layers of 
horny cells in . which those near the lumen were large and 
distended with many lipid droplets. Bacteria were completely 
absent from these. 
Electron Microscopy 
The absence .of bacteria by light microscopy was confirmed 
with the electron microscope. The central space of pre-puberal 
casts contained sebum, horny cells, but no diphtheroids (Fig. 
2A). By contrast, casts from older aged acne patients contained 
desquamated, vacuolated horny cells, and dense masses of rod-
shaped bacteria [5] (Fig 2B) . 
In prepuberal casts, horny cells closest to the lumen appeared 
as bizzare, "balloon-shaped" cells filled with an electron opaque 
material of the same electron density as seen in the lumen of 
the cast (Fig 3) . A thin rim of electron dense filament-matrix 
material surrounded the distended portion of the horny cell. 
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FIG 1. Light micrograph of a longitudinal section of a follicular cast 
from a prepuberal child. The follicular cast consists of numerous layers 
of thin, flattened horny cells (He) which surround a core of sebum (8). 
Some horny cells near the lumen of the cast appear vacuolated and 
distended (-». Note the absence of bacteria within the casts (x 250) . 
Those horny cells closest to the viable follicular epithelium 
appeared as tightly packed flattened cells with an electron 
dense filament-matrix complex. Numerous round, discrete, elec-
tron opaque lipid droplets were seen interspersed with the 
fIlament-matrix complex of these cells (Fig 4). In addition a 
variety of inclusions, with a negatively stained or ghost-like 
appearance were seen embedded within the filament-matrix 
complex. These inclusions were frequently organized in lamellae 
or myelin-like confIgurations (Fig 4). The intercellular material 
between adjacent horny cells was often arranged in a series of 
tightly packed membrane-like fIgures. In other planes of section, 
the intercellular material was homogeneously electron dense. 
Occasional desmosomal remnants were present between adja-
cent horny cells (Fig 4,5) . 
The ultrastructure of the open comedo was similar to that of 
the follicular cast. 
Microbiology 
In the 15 children free of acne, 88 individual follicular casts 
were cultured anaerobically and P. acnes was not recovered 
from any sample. In the children with early acne, 28 comedones 
were individually cultured and no P. acnes was recovered. 
In the 10 children also sampled by the Williamson and 
Kligman method, P . acnes was not recovered. 
DISCUSSION 
Horny cells in follicular casts from prepuberal children con-
tained small round discrete lipid droplets, and a regular system 
of lamellae. Some horny cells were large, balloon-shaped and 
lipid-engorged. The occurrence of lipid droplets in horny cells 
has been noted in a variety of pathological conditions; e.g., 
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FIG 2. A, Electron micrograph of the central portion of a follicular 
cast from a prepuberal child, containing sebum (S) and remnants of 
horny cells (HC). Note the absence of bacteria (x 4,000) . B, Electron 
psoriasis [17,18], pityriasis ruber pilaris [19] acne [2,9,20], and 
is considered a generalized marker of abnormal keratinization. 
Lamellar or myelin-like configurations within horny cells have 
recently been observed in follicular casts frqm acne patients 
and are viewed as probable abnormal accumulations of polar 
lipids due ' to faulty lipid metabolism [5]. The balloon-shaped 
lipid-engorged horny cells has heretofore been seen only in acne 
[2,5,9]. The presence of all 3 of these abnormalities in prepu-
beral follicular casts suggests that these are incipient or poten-
tial comedones. These aberations occurred in the complete 
absence of bacteria. Accordingly, bacteria are not essential to 
the formation of casts or comedones. Our fmdings would argue 
against any role for bacteria in the initial events of abnormal 
keratinization. 
The organization of the intercellular material between adja-
cent follicular cast horny cells into membrane-like figures or 
bilayers is similar to that seen between horny cells of the rat 
gingiva [21], and corresponds to the lipid-rich sheets observed 
in freeze-etched preparations of neonatal rat stratum corneum 
[22]. The contents of the membrane-coating granules (MCGs) 
are a major component of the intercellular material in the 
stratum corneum [21,23] providing in part, polar lipids neces-
sary to form the bilayer structure. This intercellular material 
with its bilayer or sheet-like organization is felt to contribute to 
the barrier function ofthe stratum corneum [21,22,24]. Knutson 
[2] observed a dimunition in the number of MCGs in the 
micrograph of the central portion of a follicular cast from an adult acne 
patient. In addition to sebum (S) and desquamated horny cells (HC), 
rod-shaped bacteria (B) are in great abundance (x 4,000) . 
follicular epithelium in acne compared with the normal. He 
suggests that this decrease in MCGs was related to the retention 
of follicular horny cells, and implied a role for MCGs in des-
quamation. Our observation of MCG-derived lipid bilayers be-
tween the built-up mass of follicular cast horny cells ru:gues 
against enhancement of desquamation by MCGs. 
The majority of follicular casts and all of the open comedones 
contained sebu1l1 though much less than in older persons with 
acne. Sebum has been demonstrated to be comedogenic when 
applied to the rabbit ear [25]. Thus sebum m&y be involved in 
faulty keratinization. 
We noted that balloon-shaped horny cells were absent in 
casts with little or no sebum. However, the small round lipid 
droplets were ubiquitous in all casts whether or not there was 
much sebum. It is noteworthy that the balloon cells were always 
next to the central lumen containing free sebum. It seems likely 
that the large pools of lipid are formed by the direct diffusion 
of sebum into the horny cell (as a result of membrane damage) , 
rather than by the coalescence of the small lipid droplets 
present when the cell is first formed, as postulated by Knutson 
[2]. 
These findings of abnormal keratinization were fou'nd in 
follicles which did not contain P. acnes. The failure to demon-
strate P. acnes occurred in 3 sampling methods viz. the deter-
gent scrub me'thod of Kligman and Williamson, culture of 
individual follicular casts obtained by the cyanoacrylate method 
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FIG 3. Electron micrograph of a portion of the prepuberal follicular cast horny cells (He) closet to the lumen (L). T hese cells are filled with 
large masses of electron opaque material (LD) of the same electron density as the lumen, which distend the cells into a "balloon" shape (x 
21,000). 
and culture of individual clinically apparent open comedones. 
The failure to demonstrate P. acnes by 3 separate techniques, 
particularly the failure to fmd P. acnes in the earliest clinical 
lesion of abnormal keratinization (the comedone) strongly argue 
against a role for P. acnes in the initiation of abnormal kera-
tinization. Previously, in a survey of individuals of differing ages 
who were free of acne, we found a geometric mea~ count of less 
than 10 P. acnes organisms per sq em in 40 children between 
th e ages of 5 and 10. We would now interpret these extremely 
low numbers of P. acnes to represent transient contamination 
rather than true colonization of sebaceous follicles. In that 
study we did not prepare the skin by surface cleansing as was 
done in this study. . . 
Our failure to fmd P. acnes in subclinical lesions (follicular 
casts) and the earliest clinical lesions of acne (small open 
comedones on the nose and chin) stands in contrast to that seen 
in teenagers with full blown acne who dearly have high num-
bers of P. acnes in open and closed comedones [4]. 
The failure to find P. acnes in casts and comedones in 
prepuberal children raises several questions. When and how 
does P. acnes colonization occur? Once P .. · acnes becomes 
established what effect does this have on the keratinization 
process and in the acne process in general? 
Recently, we have demonstrated a strong correlation between 
the density of P. acnes and the amount of surface lipid [26]. It 
seems that a critical intrafollicular level of sebum is required 
for P. acnes colonization. The children studied were clinically 
prepuberal and presumably gonadal hormone production had 
not yet developed. With the onset of gonadal androgens, in-
creased sebaceous activity occurs [27] and it seems reasonable 
that P. acnes colonization may develop at that time. Previously, 
we demonstrated that prepuberal children have very low to 
absent P. acnes populations while teenagers have significant 
numbers of P. acnes [28]. Teenage acne patients have much 
higher numbers of P. acnes [29]. 
Once P. acnes becomes established, abnormal follicular ker-
atinization may be aggravated. The demonstration that free 
fatty acids can induce comedones in the albino rabbit ear model 
[25] coupled with the evidence showing P. acnes hydrolysis of 
sebaceous gland triglycerides accounts for 95% of the free fatty 
acids [30] suggest that once P. acnes colonization occurs ab-
normal keratinization may be intensified. 
Currently, the weight of evidence incriminates P. acnes in 
the inflammatory aspects of acne. Does the colonization of 
sebaceous follicles in which th ere is abnormal keratinization 
lead to the onset of inflammation? A longitudinal study in 
which the sequence of events involving sebum production, 
bacterial colonization, abnormal keratinization and correlation 
with clinical events is required before these questions can be 
answered. 
The authors would like to thank Ms. Margaret Cullen for her 
valuable technical assistance. 
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FIG 4. Electron micrograph of a portion of the prepuberal folliculw' cast horny cells (He) closest to the viable epithelium. Numerous round, 
discrete electron opaque lipid droplets (LD) and polymorphic inclusions (-"7), displaying negative contrast w'e seen embedded with the fllament-
matrix complex of these cells (X 32,250). Inset. High magnification electron micrograph showing lamellw' or myelin-like arrangement, typical of 
the inclusions within these horny cells (x 90,000) . 
FIG 5. High magnification electron micrograph showing the orga-
nization of the intercellular material between adjacent prepuberal 
follicular cast horny cells. Intercellulw' material is often arranged in a 
series of tightly packed membrane-like figures or bilayers (-"7) . In other 
planes of section, intercellular material appears homogeneously elec-
tron dense (0). D, desmosomal remnant (x 84,000). 
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